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In the simulation based on 1988 conditions,
particles are deflected eastward, toward pumped wells
in the intermediate area and at Ridgecrest (fig. 10B,
fig. 3). Berenbrock and Martin (1991, p. 18) showed
that ground-water development since the 1920’s has
caused this modification to the direction of ground-
water movement in the deep aquifer. Model-derived
velocities ranged from 15 to 39 ft/yr (approximately
double those for 1920 conditions). All particles in
this simulation reach the pumped wells within 3,000
years; most discharge within 1,000 to 2,000 years.
This simulation illustrates how pumping has modified
the direction of ground-water flow and traveltimes in
this part of the basin, diverting low-DSC water from
the west toward pumped wells at Ridgecrest and the
intermediate area and away from the China Lake area.

For all simulations in Indian Wells Valley, the
algorithm was operated to track particles forward
along their pathlines. The algorithm could have been
operated "in reverse” to track particles backward
(Shafer, 1987; Pollock, 1989). Resulting ground-
water traveltimes would be similar to those (of several
thousand years between parts of the valley) obtained
from forward simulations described herein, thus
lending additional support to the isotopic evidence for
the existence of ground water in the China Lake area
that was recharged during an earlier pluvial period
(see "Pleistocene Ground Water" section).

GROUND-WATER QUALITY

The quality of ground water in Indian Wells
Valley varies both areally and vertically in the water-
bearing deposits. Generally, sodium or calcium and
bicarbonate are the predominant ions in most parts of
the study area, especially where DSC is less than 500
mg/L, which is the recommended limit for drinking
water (U.S. Environmental Protection Agency, 1979).
In areas where higher DSC occurs, especially in the
shallow aquifer, and where fine-grained lacustrine
deposits are present in the deep aquifer, sodium and
bicarbonate and chloride or sulfate commonly are
predominant ions. As ground water moves from
recharge areas along the mountain fronts through the
alluvial deposits and eventually into the lacustrine
deposits in the central and eastern parts of the valley,
it acquires the chemical characteristics of high-DSC
waters, through dissolution of evaporites in the
ancestral China Lake deposits and (or) through
evaporative concentration in discharge areas of the
low-altitude lakebed. Similar processes probably have
occurred on a smaller scale in the other (smaller) dry
lakebeds of Indian Wells Valley such as those of
Airport, Dry, Mirror, and Satellite Lakes.

In order to facilitate the discussion, in subsequent
sections of this report, of water-quality characteristics
in Indian Wells Valley, the valley has been divided
into seven areas (see pl. 1): northeastern, north-

western, western, southwestern, China Lake, south-
eastern, and intermediate. This division into areas is
somewhat artificial in that it is not based on
differences in lithology or on any geohydrologic
boundaries, but it does reflect common usage by local
residents and by investigators in previous studies. For
example, the geographic boundary of the China Lake
area matches the boundary of layer 1 (the shallow
aquifer) used in a model by Berenbrock and Martin
(1991).

When viewed as a hydrologic unit, Indian Wells
Valley consists of the mountain ranges and sloping
coarse-grained alluvial deposits that grade into and
interfinger with the fine-grained lacustrine deposits of
the ancestral China Lake and the playa. It is the
interfingering of these deposits, particularly at the
margins of the ancestral China Lake, that makes
interpretation of water-quality data from wells perfo-
rated over a wide depth interval especially difficult.
Further compounding this difficulty is the fact that
existing wells represent a wide range of physical
conditions and uses, from well-maintained and
continuously pumped supply wells to seldom-used
observation wells. Finally, the absence of wells in
appropriate areas, the combining of data collected at
different times and by different agencies, and the
paucity of long-term monitoring data from suitable
wells impose additional problems. Accordingly, some
generalizations are made in the subsequent interpre-
tations that either are based on scant information or to
which data from individual wells may not conform.
Such generalizations are necessary to provide a
conceptual framework that can explain variations in
chemical concentrations and isotope ratios.

NORTHEASTERN AREA

No wells in the northeastern part of Indian Wells
Valley were sampled during 1987-88 and few wells
exist there (pl. 1). Berenbrock and Martin (1991, p.
55) stated that pumping probably has not affected
ground-water conditions in this part of the valley;
hence, the most recent data available from selected
wells are used to assess water quality. High DSC
may be attributable to fine-grained lacustrine (ancient
lakebed) deposits in the southern part of this area.
Although historical data indicate that DSC exceeds
1,000 mg/L. and that sodium and chloride are the
predominant ions in the southern part of this area, it
is speculated that ground water upgradient and toward
the north might have a much lower DSC and a
corresponding shift toward calcium and bicarbonate
predominance.

Some information on soluble salts and isotope
ratios was obtained from eight springs in the
mountains north of this area (table 2 and pl. 1).
Three of the springs are 15 to 20 mi north of Airport
Lake in a geothermal area (outside pl. 1 area). The
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Coso Village Spring’s isotopic datum is believed to
be anomalous because it plots far beneath the global
meteoric-water line (refer to discussion in previous
section). Despite evidence of extensive evaporation
from the pool fed by this spring, specific conductance
in the pool (615 pS/cm) is not especially high.
However, isotopic data from the two other springs,
Coles Spring and Mariposa Spring, plot near the
global meteoric-water line, even though these springs
are 2 to 3 times higher in DSC (on the basis of
specific-conductance measurements) than are other
springs in the Coso and Argus Ranges (see table 2).
The high DSC in Coles and Mariposa Springs might
result from increased dissolution of minerals at higher
temperatures while the water itself retains the isotopic
signature of recharge (8D about -95 permil). There is
a need for wells, particularly near and north of the
dry lakebed of Airport Lake, to answer questions on
whether (and if so, where) high-DSC ground water
originates in this part of the valley.

NORTHWESTERN AREA

Four wells in the northwestern area of Indian
Wells Valley were sampled during 1987-88 (pl. 1).
Because there is little pumping in this part of the
valley, ground-water conditions are unlikely to have
changed. Therefore, to increase the number of wells
on which the areal assessment of water quality is
based, the most recent historical data from selected
wells are used, along with the 1987-88 data. The
DSC ranges from about 300 mg/L in the western and
southern part of this area to almost 1,000 mg/L in the
eastern part and to more than 1,000 mg/L in the far
north (see pl. 1). Low DSC is attributed to proximity
to mountain-front recharge from streams emerging
from the Sierra Nevada (Sand, Boulder, County Line,
and Noname Canyons). Higher DSC to the east is
attributed to the fine-grained deposits at the maximum
extension of the ancient China Lake shoreline. These
areal differences are especially evident for chloride
concentration, which is several times higher in wells
25S/39E-4R1 and 25S/39E-9J1 to the east than in
wells 25S/38E-11L1 and 25S/38E-13J1 to the west
(Supplemental Data B and pl. 1).

Highest DSC occurs in the extreme northern part
of this area, where quality is influenced by underflow
of isotopically light (8D less [more negative] than
-100 permil) saline water from Rose Valley to the
north (Gleason and others, 1992). For example, well
24S/38E-16J2 is perforated from 251 to 611 ft, and
the water has a DSC of 1,320 mg/L. Despite high
DSC, its isotopic composition is much lighter (8D=
-95 permil) than that of water from well 24S/39E-
33Nt in the eastern part of this area (pl. 1), in which
DSC is only a little less at 1,100 mg/L but 8D is -76
permil. (High 8D of -78 permil in table 2 for Little
Lake is caused by surface evaporation and is not
representative  of underflow from Rose Valley.)

These isotopic and DSC patterns indicate that
underflow from Rose Valley is not a significant
contributor to the slightly saline ground water in the
southern and eastern parts of the area near the
perimeter of the lakebed of ancestral China Lake.

The DSC at wells 25S/39E-4R1 and 25S/39E-9J1
shows fluctuations as great as 20 percent but no
discernible trend since the early 1950’s (see pl. 1).
These sporadic fluctuations probably can be attributed
to varying proportions of ground water of differing
quality entering the well at the time of sampling.
Well 25S/39E-4R1 is perforated from 100 to 200 ft
below land surface (Supplemental Data B) and,
although no data are available for the other well, it is
likely to be perforated over a similarly long interval,
thus increasing the chance that perforations intercept
multiple zones of differing texture and water quality.
Both wells are pumped sporadically for military uses;
pumping, or lack thereof, prior to sample collection
could affect the proportion of water entering the well
from different zones.

WESTERN AREA

Recharge of ground water in the western area of
Indian Wells Valley is from stream losses along the
Sierra Nevada mountain front and by ground-water
flow from the southwestern area (discussed in the
next section of this report). The spatial pattern of
DSC in water from wells in the western area (pl. 1)
is related to the presence of lacustrine or alluvial
deposits, the proportion of which varies both areally
and vertically. Wells in the northern part of the
western area, where land-surface altitude is mostly be-
low 2,300 ft, have DSC values near or exceeding
1,000 mg/L and 8D values of approximately -90
permil. In the southern part, where altitudes are
mostly above 2,400 ft, DSC generally is less than 300
mg/L, and 8D is more negative than -100 permil in
some wells (26S/38E-35B1 and 26S/39E-17F2).
These highly negative isotope ratios are associated
with great depth (well 26S/39E-17F2 is perforated at
681-881 ft below land surface) or proximity to the
mountains (altitude at well 26S/38E-35B1 is 2,575 ft)
and are indicative of isotopically light recharge
originating either from a higher altitude or during a
colder and wetter climatic period.

The chemical data from well 25S/38E-36A1 differ
markedly from those of nearby wells 25S/38E-36B1,
25S/38E-25]1, and 25S/39E-31D1 and are believed to
be unrepresentative of natural ground-water chemical
composition in the deposits at this well. Its DSC is
four times greater than that in the other three wells;
and, although chloride concentration usually equals or
exceeds sulfate concentration in the slightly saline
ground water from lacustrine deposits near the edge
of the ancestral lake, sulfate 1s four times more
abundant (on a weight basis) than is chloride in well
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25S/38E-36A1. The alkaline-earth (calcium and
magnesium) concentrations also are anomalously high.
This well is connected to fertilizing equipment, and
fertilizer likely is the source of the very high nitrate
concentration (315 mg/L as nitrate, which equals 71
mg/L as nitrogen) (Supplemental Data B).

Warner (1975, p. 33, fig. 10) concluded that
ground-water DSC increases with increasing depth in
Indian Wells Valley. He depicts a shallow zone with
DSC less than 300 mg/L, a middle zone with DSC
from 300 to 500 mg/L, and a deeper zone with DSC
ranging from 500 to greater than 1,000 mg/L. He
based this conclusion on the observation that many
deep wells in Indian Wells Valley penetrate a section
of blue clay, presumably ancient lake deposits, at
greater depths; and on results of chemical analyses of
water reportedly from each of the three perforated
intervals in well 26S/39E-19K1. However, this
generalization based on the multiple-depth, inflatable-
packer test done on the well in January 1965 may be
questionable. The test was done to explain the cause
of an increase in DSC from 632 mg/L in 1960 to
1,250 mg/L in 1963, although it is noted here that
DSC again was down to 707 mg/L in 1964 (J.A.
Westphal, USGS, written commun., 1966). Results of
the 1965 test, along with depth of perforated intervals
open to the well during the test, are summarized in
table 3. Furthermore, Warner’s generalized lithologic
section (Warner, 1975, fig. 2) shows alternating zones
of fine-grained and coarse-grained deposits. Thus, the
differences in water quality (rather than being simply
a direct relation with depth) might be due primarily to
differing lithologies. A more detailed discussion of
this follows.

Lack of internal consistency among the three
indicators of DSC is shown by data in table 3.
Specifically, sum of constituents is much too low on
the basis of values of residue on evaporation and
specific conductance. Further inconsistencies among
the data are indicated by lower values of residue on
evaporation and specific conductance when the well
was open to either the upper (270 to 540 ft) or the
middle (590 to 625 ft) perforated intervals than when
it was open to both perforations simultaneously (table
3). These inconsistencies—as well as the rather wide
fluctuation in DSC between 1960 and 1964, and the
dramatic drop (compare data from upper interval
only) between January and June 1965, after the well
was permanently sealed above the middle perfo-
ration—raise considerable uncertainty about whether
a simple relation exists between DSC and depth. It
seems more likely that the changes in DSC of ground
water are complex and local, and that they might be
related to the presence or absence of interfingering
fine-grained lacustrine or coarse-grained alluvial
deposits associated with repeated advance and retreat
of the ancestral China Lake shore. In support of this
hypothesis, the absence of any fine-grained lacustrine
deposits at depth in nearby Little Dixie Wash, only a

Table 3. Three indicators of dissolved-solids
concentration in water from historical multiple-
depth inflatable-packer tests in well 26S/39E-19K1

[Data are from unpublished written communications de-
scribing the results of tests done by U.S. Navy person-

nel in 1965 and referred to by Warner (1975, p. 33 and
fig. 10). Perforated intervals, in feet below land surface:
upper, 270-540; middle, 590-625; lower, 700-790]

Sum of Residue Specific
Month/  Perforated constit- on evapor- conduct-
year interval uents ation ance

(mg/L)  (mg/L) (uS/cm)

1/65 Middle + lower 1,150 1,660 2,370

1/65 Middle 956 1,170 1,670
1/65 Upper + middle 813 1,400 1,870
1/65  Upper 709 1,090 1,560
6/65  Upper 454 798 1,000
4/87  Upper 393 393 780

short distance east of well 26S/39E-19K1, results in
low DSC (199 mg/L) at well 26S/39E-20R2, even
though it is perforated from 600 to 900 ft below land
surface.

Casual inspection of water-quality and perforated-
depth data in Supplemental Data B seems to imply
higher DSC at shallower depths and lower DSC at
greater depths. However, this association might be
fortuitous because most high-DSC wells in the
western area are perforated at shallower depths (less
than 400 ft below land surface) and are located in
fine-grained lacustrine deposits at the north end of
this area; by contrast, the low-DSC wells generally
are perforated at greater depths (more than 400 ft
below land surface) and are located at higher altitudes
in the coarse-grained alluvial deposits at the south end
of this area. Deeper wells in the northern part and
shallower wells in the southern part of the western
area would be needed to establish whether a simple
depth-dependent water-quality pattern exists.

There are some large well-to-well differences in
major- and minor-ion concentrations that might imply
the existence of local variations in evaporite
composition within the western area. (A more com-
plete discussion of the causes of variations in major-
ion composition is given in a subsequent section on
the China Lake area.) Evaporite minerals—including
sodium chloride, sodium carbonate, and some
borates—accumulated in the playa and lacustrine beds
as China Lake receded (St.-Amand, 1986, p. 15).
Reference has been made earlier in this report to the
association between high ground-water chloride con-
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centrations and lacustrine deposits. An extreme
example is well 25S/39E-31R1 (Supplemental Data
B), in which chloride constitutes 30 percent of
dissolved solids by weight. Similarly, boron
concentrations in ground water always are low (less
than 1,000 ug/L) where lacustrine deposits are absent,
but increase markedly within the area of lacustrine
deposits. For example, boron concentration is 5,400
ug/L in well 26S/39E-8E1 (DSC=724 mg/L) and
18,000 pg/L in well 25S/39E-31R1 (DSC=1,890
mg/L). Finally, the presence of sodium carbonate is
suggested at wells 25S/39E-31R1, 26S/39E-8E1, and
26S/39E-17F2, which have pH values of 9.4, 9.0, and
8.8, respectively. Such high pH values can occur
only if there is insufficient calctum (calcite) to buffer
the water.  Coincidentally, such low calcium
concentrations permit fluoride (where present)
concentrations to rise dramatically (although even the
high-fluoride ground water remains undersaturated
with respect to fluorite in all but a very few wells in
Indian Wells Valley). Calcium is virtually absent (1.5
mg/L) in well 26S/39E-8E1, resulting in a fluoride
concentration of 9.5 mg/L, which far exceeds the
drinking-water standard (California Department of
Health, 1977) of 1.4 mg/L.

A comparison of chemical composition between
well 26S/39E-8E1 and well 26S/39E-17F2, about 1
mi apart, might be instructive to any generalizations
on the relation between ground-water quality and
depth, particularly near the outer margins of the
ancient lake. Both wells are perforated at great
depth—570 to 880 ft for well 26S/39E-8E1, where
land-surface altitude is 2,318 ft, and 681 to 881 ft for
well 26S/39E-17F2, where land-surface altitude is
slightly higher at 2,340 ft. High boron concentration
(5,400 pg/L) and pH (9.0), and moderate chloride
concentration (58 mg/L) and DSC (724 mg/L)
indicate that well 26S/39E-8E1 penetrates the
lacustrine deposits. Although no isotope data are
available from well 26S/39E-8E1, comparison with
data from other nearby wells (for example, 8D in well
26S/39E-7N2 is -94 permil) indicate that its 8D
probably is no more negative than -95 permil.
Compare these data with low boron (600 ug/L),
chloride (7.2 mg/L), and DSC (173 mg/L) but high
pH (8.8) in well 26S/39E-17F2, for which 38D is
highly negative at -102 permil. The comparison
suggests that lower-DSC, sodium carbonate- and
fluoride-rich ground water, recharged at higher
altitudes or during an earlier pluvial period, might be
present beneath higher-DSC ground water at the
margins of the ancestral lake—a conclusion opposite
to that presented by Warner (1975).

Historical data since the early 1950’s from wells
26S/39E-5F1 and 26S/39E-19P1 were evaluated and
used to discern trends for DSC in the western area.
As in the northwestern area, DSC values fluctuate but
no trend is evident (see pl. 1).

SOUTHWESTERN AREA

The scant data that were collected from the
southwestern area during 1987-88 (Supplemental Data
B and pl. 1) have been supplemented for this
assessment with additional historical data. Water-
level contours indicate that the direction of ground-
water movement in this area is from southwest to
northeast (fig. 3), and isotopic evidence suggests that
recharge originated as recent precipitation in the
Sierra Nevada. Because the altitude of the Sierra
Nevada generally decreases toward the south, isotopic
ratios in recharge would be expected to be higher
(less negative) in the southwestern area than in the
western area. Meridional trends in the Sierra Nevada
also could be associated with different storm tracks,
with a greater proportion of precipitation in the
southern part of the range from the subtropical ocean
as opposed to the Gulf of Alaska (Benson and
Klieforth, 1989; Friedman and others, 1992; and
Ingraham and Taylor, 1991). Delta-D contours
mapped by Buchanan (1989, fig. 34, p. 121), on the
basis of data from nonthermal springs in the Great
Basin, indicate that gradients are as high as 0.3
permil/km in southern Nevada. A gradient of that
magnitude would be sufficient to account for the
north-south isotope trend exhibited by ground water
on the west side of Indian Wells Valley. In fact,
except for two wells (27S/38E-31D1 and 28S/37E-
13F1) in the extreme southwest corner (pl. 1), the
lightest (most negative) 8D recorded by this study
from wells in alluvial deposits of the southwestern
area is only -93 permil (table 1), and 8D=-90.5 permil
for a shallow domestic well (well 26S/37E-26L1) at
an altitude of 4,320 ft in Walker Canyon in the Sierra
Nevada (pl. 1). Delta D is at least 5 permil higher
(less negative) in alluvial deposits of the southwestern
area than in alluvial deposits near the mountains in
the western area.

The southwestern area is on an elevated spur of
the valley between the Sierra Nevada and the El Paso
Mountains. The entire area lies above the maximum
altitude of the ancestral China Lake and, hence, is
free of any fine-grained lacustrine deposits and the
associated high-DSC ground water. As a result, DSC
is low and chloride, at about 20 to 30 mg/L,
composes only about 10 percent (on a weight basis)
of the dissolved solids. The lone exception is well
28S/37E-13F1 in the far southwest corner of this area,
for which the chloride concentration at a depth of 400
ft (perforated interval not known) was 138 mg/L and
DSC was 419 mg/L in 1953. Sampling in late 1990
confirmed the historical data. The well may penetrate
the relatively shallow continental deposits in this part
of the wvalley and therefore would not be
representative of water quality in the overlying
alluvium. The very different chemical characteristics
then would imply a water of distinct ion ratios (or
water type) in the continental deposits that contributes
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little mixing to ground water in the overlying
alluvium. Isotope ratios from ground water in the
continental deposits would establish whether a distinct
difference exists between ratios in these less
permeable deposits and in the overlying alluvium.

A highly negative 8D value of -108 permil in a
1982 sample from well 27S/38E-31D1, a 375-foot-
deep well 3.5 mi northeast of well 28S/37E-13F1
(Gleason and others, 1992; G.I. Smith, USGS, written
commun., 1990), was considered so anomalous (at 15
permil more negative than any hydrogen-isotope
ratios measured in the present study from other wells
in the southwestern area) that it was resampled in late
1990 for hydrogen and oxygen isotopes. In the
samples collected in 1990 from this and another well
nearby, 8D=-105.5 permil and 8"0= -13.50 permil
for well 27S/38E-31D1 and 0D=-101.5 permil and
3'®0= -13.40 permil (near the local ground-water line)
for well 28S/37E-13F1 (Tyler Coplen, USGS, written
commun., 1990), confirming the 1982 analyses. The
highly negative 8D values indicate that, in most of the
southwestern area, little of the ground water comes
from recharge in the far southwestern corner, where
the isotopically light composition matches more
closely that of ground water in basins immediately
south of Indian Wells Valley (Gleason and others,
1992).

Pumpage in the southwestern area has been
negligible, and it is unlikely to have affected ground-
water conditions. Although well 27S/39E-7R1 has
been sampled only four times since 1946, DSC at this
well has shown very little historical variation (pl. 1).

CHINA LAKE AREA

The chemical and isotopic characteristics of
ground water in the China Lake area show an
extremely broad range. Several factors—that also
operate, although to a lesser extent, in other areas of
Indian Wells Valley—are responsible for this range in
composition, including:

1. Proportion of alluvial or lacustrine (and playa)
deposits tapped by wells.

Presence of historical (that is, older—perhaps
late Pleistocene) recharge.

Evaporative concentration and (or) dissolution
of evaporite minerals.

Microbial sulfate reduction in the aquifer.
Human activities—including pumping, surface
disposal of wastewater, and discharge of
contaminants.

“nk w» N

The first four factors are discussed in greater detail in
the section, "Geochemical Processes and Historical
Recharge.” Human activities exert a more localized
influence on ground-water quality, and examples of
such activities are noted in this section.

Fresh ground water exists in the southwest part of
the China Lake area, where the presence of alluvium
and flow of low-DSC ground water from the
southwest (and intermediate) areas predominates. The
result is DSC less than 300 mg/L at wells 26S/40E-
17]1 and 26S/40E-17R1 in the extreme southwest part
of the China Lake area, increasing to about 500 mg/L
at wells 26S/40E-4Q1 and 26S/40E-9A1 about 2 mi
northeast, with further increases in the direction of
decreasing land altitude toward the China Lake playa

(pl. 1).

Nearly all the China Lake area is underlain by a
large thickness of lacustrine deposits from the
ancestral lake. Ground water pumped from wells
tapping these deposits in the deep aquifer generally is
slightly saline (DSC= 1,200-1,500 mg/L). Some deep
wells in and near the China Lake playa produce
highly saline water; for example, DSC=60,700 mg/L
in well 26S/40E-6C1.

Low DSC at well 25S/40E-20F1 is particularly
puzzling given its location so far from the source of
fresh ground water. Its DSC of about 500 mg/L
(calculated from specific conductance in table 1)
suggests that water in this well could not have flowed
through lacustrine deposits for any significant
distance. And the isotopic data (8D= -80 permil,
8'80=-10.5 permil) indicate (on the basis of deviation
from the meteoric-water line) that the water has
undergone little or no evaporation. This 6D value is
at least 10 permil more positive (less negative) than
that of any other sample from the China Lake area
that also shows little or no evaporation (fig. 11). The
result is so unusual that the possibility must be
considered that water in the well was diluted by
surface runoff which collects in the immediate
vicinity of the well after rains and which might flow
down alongside the well casing.  Present-day
precipitation has an average annual 6D of -81 permil
at Inyokern and -85 permil at Walker Pass in the
Sierra Nevada (Friedman and others, 1992, and G.I.
Smith, USGS, written commun., 1990).

Moderately saline ground water with DSC as high
as several thousand milligrams per liter can be
produced from wells at shallow depths. The high
DSC is due to evaporative concentration. An
example is well 26S/40E-14B1 (perforated from 20 to
22 ft), in which DSC is about 3,000 mg/L and 8D is
-80 permil. Evaporation at some stage in the history
of this water is indicated in figure 11 by the large
deviation of its 8D-8'"%0 datum from the meteoric-
water line.

In fact, ground water at well 26S/40E-14B1 may
have been even more saline and isotopically enriched
under natural conditions. This well is near the
northern edge of an area where the Ridgecrest
Wastewater Treatment Facility maintains evaporation
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Figure 11. Relation between stable-isotope ratios
of hydrogen and oxygen in samples from
selected wells in the China Lake area. Data are
given in table 1, and location of wells is shown on
plate 1. (Wells that are referred to in the text are
numbered on the graph; well 26S/37E-26L1, in the
Sierra Nevada in the western part of the study
areq, is included for comparison.

ponds containing low-DSC treated wastewater (500
mg/L, according to Warner, 1975, p. 24-25, and Don
L. Greenfield, Supervisor, Ridgecrest Wastewater
Treatment Facilities, oral commun., 1989). Because
water is supplied from deep wells, the treated
wastewater is presumed to be isotopically light in
comparison with shallow ground water. Infiltration
from the ponds has created a local ground-water
mound leading to possible dilution in shallow wells
by isotopically lighter, less saline water. Ground
water at well 26S/40E-14L1 (perforated from 55 to 57
ft), a short distance south of well 26S/40E-14B1, is
clearly affected by wastewater. Water from this well
is only about half as saline as water from well
26S/40E-14B1 and it has a 8D of -86 permil. A
mixing model used to match the chemical and
isotopic composition at well 26S/40E-14L1 from the
composition of wastewater and ground water at well
26S/40E-14B1 requires that the infiltrating wastewater
that reaches well 26S/40E-14L1 have a 8D of -95
permil.

Disposal of synthetic organic contaminants is
another example of how human activities affect
ground-water quality in the China Lake area.
Between 1984 and 1988, the USGS analyzed for pur-
geable organic priority pollutants (U.S. Environmental
Protection Agency, 1985) 26 samples from 15 wells
near the China Lake Naval Air Weapons Station’s
industrial-waste ponds near the community of China
Lake. ~ Some early results were presented by
Berenbrock (1987, p. 55). The purpose in sum-
marizing results in table 4 is not to provide a compre-

hensive assessment of contamination but rather to
illustrate another way in which human activities affect
the ground-water quality. Only those wells in which
concentrations exceeded the detection limit, which
was 3 pg/L in most samples, are listed in table 4,
along with proposed or recommended maximum
contaminant levels in drinking water.

Unequivocal evidence of contamination generally
requires detection in more than one sample and over
a period of time. Nevertheless, the occurrence of
vinyl chloride in wells 26S/40E-15N2 and 26S/40E-
22H3 is mentioned because this compound can be
produced by bacterial dechlorination of
trichloroethylene under anoxic conditions (Barrio-
Lage and others, 1986). Trichloroethylene apparently
has been used in the area—as indicated by
trichloroethylene concentrations that ranged from 94
to 270 pg/L in four samples (collected from well
26S/40E-22B1) over a period of 4 years (table 4).

In addition to the wide range in ground-water
DSC, very large differences in relative concentrations
of major ions exist in ground water from the China
Lake area. For low-DSC ground water in the
alluvium, concentrations of the major cations (sodium
and the alkaline earths) and the major anions
(chloride, sulfate, and bicarbonate) are somewhat
comparable, with no overwhelming abundance of any
particular ion. However, the more saline ground
water in the China Lake lacustrine (and playa)
deposits typically has very high sodium accompanied
by nearly negligible alkaline-earth concentrations, and
high chloride and (or) bicarbonate accompanied by
low sulfate concentrations. The waters are poorly
buffered and typically have high fluoride
concentrations and pH values close to or exceeding 9
(see Supplemental Data B).

As discussed in more detail in a later section of
this report, sulfate reduction is the geochemical
process most likely responsible for the large shift in
relative concentrations of major ions and of some
minor constituents. The process extends throughout
all but the very shallow lacustrine deposits of China
Lake. However, the lacustrine deposits within 200 to
400 ft of land surface in and near Mirror Lake, on the
southern boundary of the China Lake area, appear to
be much less reducing. Accordingly, wells that tap
these deposits produce water with DSC a little higher
than 1,000 mg/L but with substantial alkaline-earth
and sulfate concentrations; however, the water still is
undersaturated (saturauon indices range from slightly
less than 1 to 10?%) with respect to gypsum. (A
similar geochemical pattern exists in Satellite Lake,
which is immediately south of Mirror Lake and in the
southeastern area discussed in the next section.)
Water-quality characteristics (including depletion in
sulfate) indicate that the deposits more than 200 to
400 ft below land surface are more reducing (wells
perforated between 200 and 400 ft to delineate more
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Table 4. Concentrations of purgeable organic priority pollutants in water samples from selected wells in

Indian Wells Valley

[Compounds designated as priority pollutants by U.S. Environmental Protection Agency (1986, p. 738-740). MCL,
maximum contaminant level; pg/L, micrograms per liter; <, less than value indicated]

Vinyl Chloro-  L2trans- Tyehion, Ethyl LL1- Methylene
Well Date chloride form d'ectﬁle(;r:' ethylene  benzene Treltcl?iﬁzo' '1;321/?36 cilo};ide
(ng/L) (ug/L) (ug/L) (ng/L) (ng/h) (ug/L) (ug/L)
26S/40E-15N2  06-11-85 6.2 <3 <3 <3 <3 <3 <3 <3
26S/40E-22A1  05-31-87 <3 <3 <3 5.5 <3 <3 <3 <3
07-06-88 <3 <3 <3 32 <3 <3 <3 <3
26S/40E-22B1  08-09-84 <3 12 6 94 <3 <3 <3 <3
04-17-86 <3 7.9 53 170 <3 <3 <3 <3
06-02-87 <3 17 10 270 <3 <3 <3 <3
07-07-88 <3 9.7 3.1 170 <3 <3 <3 <3
26S/40E-22H3  08-09-84 7.9 <3 <3 <3 <3 <3 <3 <3
26S/40E-22P3  01-09-86 <3 <3 <3 <3 4 23 <3 <3
26S/40E-22P4  08-09-84 <3 <3 <3 <3 <3 <3 <3 4
26S/40E-23D1  01-09-96 <3 <3 <3 <3 <3 8 3.1 <3
Proposed or recommended
MCL (ug/L) . ......... 2 None None '5 None  '200 22,000 None

'U.S. Environmental Protection Agency, 1987.
*U.S. Environmental Protection Agency, 1985.

precisely the depth to this geochemical transition are
not available), and thus chemical composition in
ground water from the few deep wells in Mirror (and
Satellite) Lake is similar to chemical composition
from wells in China Lake.

Historical data from wells 26S/39E-12R2,
25S/40E-8A1, 26S/40E-5P1, and 26S/40E-22P1, and
less extensive historical data from well 26S/40E-
22B1, show no appreciable trend for ground-water
DSC in the China Lake area since the early 1950’s.
Historical data are shown on plate 1. (A 1988
analysis from nearby well 26S/40E-4Q1 was
substituted for well 265/40E-5P1 because the latter
well could not be sampled during this study.)
Apparently, pumping in the intermediate area and at
Ridgecrest has not caused a degradation of ground-
water quality in this part of the valley, in contrast to
observed DSC increases in the southeastern and
intermediate areas that are discussed in the next two
sections of this report.

SOUTHEASTERN AREA

The DSC of ground water in the southeastern area
ranges from about 300 to 400 mg/L at the western
end to greater than 1,000 mg/L near Satellite Lake
(pl. 1). The only deep well located on Satellite Lake
from which chemical data were obtained in the 1987-
88 sampling is 26S/40E-27E3, which is perforated

from 400 to 460 ft below land surface (Supplemental
Data B). Its low DSC of 479 mg/L (obtained from a
sample collected February 26, 1989) indicated that
perhaps high-DSC ground waters and their associated
lacustrine deposits do not extend to great depth
beneath Satellite Lake. The low DSC of 285 mg/L
obtained from a 1988 sampling of well 26S/40E-
35H2, which is perforated from 360 to 500 ft, seemed
to support this conclusion; however, because the well
was believed to have been inadequately developed, it
was resampled in 1990. (Data not given in
Supplemental Data B.) The second sample had a
DSC of 1,630 mg/L and the same high-chloride, low-
sulfate concentrations found in deep deposits beneath
Mirror Lake. Deeper wells are needed at both Mirror
and Satellite Lakes to determine the depth to which
lacustrine deposits extend beneath the lakes and to
define precisely the depth at which the transition to
highly reduced low-sulfate ground water occurs.

In contrast to the general absence of water-quality
trends observed in other, less populated parts of
Indian Wells Valley, several wells in the southeastern
area show clear evidence of increasing DSC.
Examples shown on plate 1 include the production
wells 26S/40E-34N1, 26S/40E-28J1, and 27S/40E-
4C2 (which was abandoned and sealed in the early
1980’s because of high DSC) in eastern Ridgecrest
and the observation well 26S/40E-36A1. Extensive
pumping near Ridgecrest and in the intermediate area
to the west (discussed in the next section) has created
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a cone of depression (see fig. 3) inducing flow of
high-DSC ground water from beneath Satellite and
Mirror Lakes toward the production wells to the west.
As shown by the graphs in figure 12, increasing DSC
is accompanied by a shift toward increasing relative
concentration of alkaline-earth cations and sulfate at
the expense of sodium and (carbonate) alkalinity.
Such compositional changes would be expected (on
the basis of the aforementioned chemical charac-
teristics of shallow ground water beneath Satellite and
Mirror Lakes) and are inconsistent with flow from the
chloride-rich, sulfate-poor ground water beneath the
China Lake playa. Kunkel and Chase (1969, p. 53)
also concluded that this water was not the source of
high DSC in the eastern and southern parts of
Ridgecrest.

On the basis of small deviation of its isotopic
values from the local ground-water line developed
using data from the China Lake area (discussed in
"Pleistocene Ground Water" section), ground water
from the southeastern area shows little or no evidence
of evaporation. The most negative isotope ratios
measured in ground water from alluvial and lacustrine
deposits of Indian Wells Valley (table 1) were found
in deep wells of the southeastern (8D=-105 permil in
well 26S/40E-32F3) and intermediate areas (0D=-108
permil in well 27S/40E-6D1). Both wells are
perforated from more than 500 to 700 ft below land
surface. Such 8D values are 10 to 15 permil more
negative than those of ground water from the
southwestern area, and this difference indicates that
the source of most of the deep ground water could
not be from flow of recently recharged ground water
from the southwestern area. The most likely source
of recharge to the southeastern (and intermediate)
areas is from precipitation in the higher altitudes of
the Sierra Nevada toward the west and north and (or)
from recharge during pluvial periods, as was indicated
for the western and China Lake areas.

An alternative possibility is that recharge was
derived from the El Paso Mountains to the south
during an earlier pluvial period. (Present-day climate
is too arid for significant recharge.) This alternative
seems unlikely because ground-water traveltimes from
there probably would be too short. Altitudes lower
than those of the Sierra Nevada also would seem to
favor less negative isotopic ratios than are found in
the deep wells. No data are available from wells in
or near the El Paso Mountains that could provide
isotopic information.

Another alternative is that the highly negative 8D
values reflect input of ground water from deeper
continental deposits. However, chemical evidence
(isotopic data from continental deposits are not
available) in the southwestern area indicates that there
is little or no contribution of ground water from
continental deposits to the alluvium. Two wells at
altitudes near or above the ancestral lake shoreline

and for which historical chemical data exist are
27S/40E-10R1 and 27S/40E-15L1 (pl. 1). Well
27S/40E-10R1 is a 262-foot-deep well at an altitude
of 2,380 ft and 27S/40E-15L1 is a 277.5-foot-deep
well at an altitude of 2,470 ft. Perforated intervals
are not known for either well. Chemical
concentrations (from historical data in WATSTORE,
a USGS computerized data base) in water from well
27S/40E-10R1 are so unusual that they are believed
to represent anomalous local conditions (extensive
mineral dissolution and redox reactions). Between
1974 and 1980, iron concentration was about 100
mg/L, pH was acidic (4.7 to 6.5), and chloride
exceeded sulfate by a factor of 100. Well 27S/40E-
15L1, for which chemical data exist for 1961-74, had
a DSC of 1,000-1,500 mg/L, and chloride constituted
50 percent of the dissolved solids. This ground water
is much too saline to contribute significantly to the
less saline and isotopically light ground water that
occupies the deep aquifer farther north of the El Paso
Mountains. It is not known for certain whether well
27S/40E-15L1 is perforated entirely within alluvium,
rather than partially in the deeper continental deposits.
Chloride constitutes 50 percent of the dissolved
solids, and similarly high chloride proportions were
noted in the one well (28S/37E-13F1) thought to
penetrate continental deposits in the southwestern
area.

INTERMEDIATE AREA

The DSC in ground water over nearly all the
intermediate area is between 200 and 300 mg/L, and
chloride constitutes about 10 percent of the dissolved
solids. These chemical characteristics are similar to
those of the southwestern area, although ground water
in the intermediate area is isotopically lighter (8D is
10 to 15 permil more negative). Only in the extreme
northeastern part of the intermediate area is DSC
relatively high (see pl. 1). The higher DSC is
associated with proximity to the ancestral China Lake
deposits.  On the basis of historical data in
WATSTORE, it can be calculated that the increase in
DSC is accompanied by an increase to 20 percent in
the proportion of chloride to dissolved solids at wells
26S/39E-13R4, 26S/39E-2N1, and 26S/39E-11El.
Depth-related chemical data seem to indicate that
higher DSC is correlated with increasing depth in the
aquifer. The DSC at well 26S/39E-13R3, which is
perforated between 150 and 260 ft, is only 223 mg/L;
by contrast, DSC at well 26S/39E-13R4, perforated
from 640 to 800 ft, is 826 mg/L.

The intermediate area contains several large-
capacity production wells, and the possibility exists
that pumping from these wells could induce flow of
high-DSC ground water from the China Lake area.
At present, however, there is little indication of DSC
change in the area. Wells 26S/39E-24P1, 26S/39E-
23J1, and 26S/39E-24M1 show no trend (pl. 1). The
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Figure 13. Relation between specific con-

ductance and delta deuterium in samples from
wells in the China Lake area. (Wells that are
referred to in the text are numbered on the
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DISSOLVED-SOLIDS CONCENTRATION, IN MILLIGRAMS PER LITER

Figure 14. Relafion between percent chloride
and dissolved-solids concentration in samples
from wells in the China Lake area. Solid circles
designate wells in lacustrine deposits of Mirror
Lake. (Wells that are referred to in the text are
numbered on the graph; location of wells is
shown on plate 1.)

from 530 to 830 and 400 to 415 ft, respectively) are
chosen for this example. Data from the two shallow
wells and from the two deep wells were averaged for
the calculation.

Validity of this comparison, based on mass- and
electrical-balance calculations, rests on the assumption
that the shallow and deep ground water were the

SULFATE CONCENTRATION, IN MILLIGRAMS PER LITER

Figure 15. Relation between chloride and sulfate
concentrations in samples from wells in the China
Lake area. Solid circles designate wells in
lacustrine deposits of Mirror Lake; circles with a
vertical line through them designate wells in
which a strong odor of hydrogen sulfide was
noted during sampling. (Wells that are referred to
in the text are numbered on the graph; location
of wells is shown on plate 1.)

same, or at least very similar, before reactions altered
their composition. The assumption is reasonably
good for dissolved solids as DSC is only slightly
higher in the shallow wells, and isotopic data from
shallow and deep wells show about equal deviation
from the meteoric-water line, thus demonstrating
equivalent evaporation histories. However, 8D is
about 5 permil more negative at -102 permil in well
26S/40E-22P3 than in the two shallow wells,
suggesting that the deep ground water there originated
during a colder and (or) wetter period or at higher
altitudes than did the shallow ground water.

Comparison of average major-ion concentrations
in the two shallow wells (Na*+K'=9 meq/L,
Mg**+Ca**=16 meg/L, C1'=3 meq/L, SO,>=21 meq/L,
and HCO, =2 meq/L) with concentrations in the two
deep wells (Na'+K'=21 meg/L, Mg"+Ca™=0.2
meq/L, CI'=6 meq/L, SO,*=0.2 meg/L, HCO, =16
meq/L) shows the expected increase in (bicarbonate)
alkalinity associated with sulfate reduction in the deep
deposits. Subtracting concentrations (and reporting
gains and losses per liter of water) shows that
microbial sulfate reduction has removed 21 meq SO,
in the deep zone, which according to the reaction
should yield the same equivalent of bicarbonate (plus
carbonate if pH is sufficiently high). Increase in
dissolved HCO,; (alkalinity) is only 14 meq;
therefore, the remaining 7 meq is presumed to pre-
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cipitate alkaline-earth carbonates. However, the
decrease of 16 meq in dissolved Mg**+Ca** exceeds
by 9 meq the amount removed by precipitation of
carbonates. The remainder is removed by ion
exchange with Na* (and very minor amounts of K*),
which increases by 12 meg/L in the deep ground
water. And the extra 3 meq Na" comes from
dissolution of that much additional halite in the deep
zone in comparison with the shallow zone. In
summary, calculations based on mass balance and
electroneutrality illustrate the following difference
between the deep (greater than 400 ft) and shallow
(less than 200 ft) zones at one site (in Mirror Lake):

Net difference,

Reaction/process Nt
in milliequivalents

Sulfate reduction and alkalinity
generation . . ............ 21
Carbonate precipitation . . . . .. 7
Ion exchange . ............ 9
Halite dissolution .. ........ 3

It is apparent from this calculation that bacterial
sulfate reduction can have a profound effect on the
chemical composition of ground water in the China
Lake area. In fact, the process occurs throughout the
valley’s lacustrine deposits, probably even to some
extent at rather shallow depths in the example cited
(the 1954 field log for well 26S/40E-22P1 indicated
initial appearance of gray clay as shallow as 30 ft).
This process also explains why nitrate (whose
reduction precedes that of sulfate) is detected in few
deep wells but averages 2 mg/L (as nitrogen) in
shallow wells from the China Lake area, and why
manganese and iron (whose solubilities are greater in
reduced oxidation states) concentrations generally are
much higher in deep than in shallow wells (see
Supplemental Data B). For some reason (possible
explanations include cropping out of the lacustrine
deposits, coarser texture, higher altitude, or less
organic matter), the near-surface environment seems
less reducing in the vicinity of Mirror and Satellite
Lakes than in the much larger China Lake, and this
difference has allowed the retention of sulfate-rich
ground water to a greater depth (somewhere between
200 and 400 ft below land surface for the example
cited) in the Mirror and Satellite Lake deposits. As
a result, these shallower ground waters beneath Mirror
and Satellite Lakes are only slightly undersaturated
(saturation indexes greater than 10%) with respect to
gypsum, in contrast to the high-chloride, low-sulfate
deeper ground waters, which have saturation indexes
of 10 to 107

PLEISTOCENE GROUND WATER

Two pieces of evidence suggest that some ground
water in the China Lake area might be as old as late

Pleistocene. As already noted, ground water is
isotopically lighter in deep wells than in shallow wells
(excluding those containing water that has undergone
substantial evaporation), indicating that the deep
ground water could have been recharged during a
colder/wetter time. Merlivat and Jouzel (1979)
concluded that hydrogen-isotope depletions exceeding
5 permil relative to present-day meteoric water reflect
paleorecharge in a colder and more humid climate.
Also, as discussed in a preceding section of this
report, an advective ground-water model inferred
traveltimes of at least several thousand years between
parts of the valley.

A more detailed interpretation of hydrogen- and
oxygen-isotope data can be used to estimate the
isotopic composition of recharge in the past. Because
this estimate falls substantially below (more negative
than) isotope ratios found in springs or in
precipitation, it lends additional credence to the
argument for "old" ground water in Indian Wells
Valley. Ground waters that most readily suggest the
existence of great age, on the basis of isotopic values
alone, are those that are isotopically light (8D more
negative than -100 permil) despite showing evidence
of evaporation (deviation from the meteoric-water
line). As shown in figure 11, one sample from the
China Lake area that has both characteristics is from
well 26S/40E-22P3, which coincidentally is a deep
well that was used in the foregoing discussion on
sulfate reduction. Samples of water from other wells
in the China Lake area that have both characteristics
also are evident in the figure.

To extrapolate back in time to the average
isotopic composition of recharge requires
determination of:

1. The local meteoric-water line, and
2. A local evaporation line.

Isotopic data from only the China Lake area were
used to determine these lines because this part of the
valley is most likely to contain the oldest ground
water. Although data from a few adjacent wells in
other parts of Indian Wells Valley also could have
been used, those data would have minimal effect on
the calculation.

The local meteoric-water line is assumed to be
best approximated by a local ground-water line (fig.
11) that is drawn through the locus of isotopic-datum
values that lie closest to the global meteoric-water
line. These values presumably represent meteoric
waters that have been subjected to the least
evaporation. The local line deduced in this way is
almost parallel to and about 4 permil (on the 8D axis)
below the global meteoric-water line, coincidentally
closely matching the isotopic relation between 6D and
8'%0 in precipitation averaged for eight North
American stations (Fritz and Fontes, 1980, p. 32).
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Most isotopic data from springs in the Coso
(additional isotopic data in Fournier and Thompson,
1980) and Argus Ranges and from a shallow well
(26S/37E-26L1) in the Sierra Nevada fall between the
global meteoric-water line and a local ground-water
line, as can be seen in figure 4.

A local evaporation line (fig. 11) is estimated by
drawing a line through the locus of isotopic-datum
points that lie farthest from the meteoric-water (also
ground-water) line. Slope of the evaporation line is
about 5.8, which compares favorably with a present-
day slope of 5.4 in the Imperial Valley of southern
California (Michel and Schroeder, 1989; Schroeder
and others, 1991) although it is emphasized that the
processes of evaporation in the two arid areas may be
dissimilar. Also implicit in this interpretation is the
assumption that evaporative processes with a much
lower slope have not occurred locally or in the past.
The assumption appears to be supported by isotopic
data from the central Imperial Valley and might,
therefore, be valid in other small closed or semiclosed
basins in arid areas of the Western United States.
The aforementioned slope of 5.4 in the Imperial
Valley was based on evaporation of irrigation
drainwater which penetrates only several feet below
land surface and which tritium analyses indicate has
been recharged during the past several years. This
slope is virtually identical to that of 5.5 estimated
here for much older ground water from as much as
1,000 ft below land surface in the central Imperial
Valley (Coplen and others, 1975, fig. 3, p. 18).

The evaporation line and local ground-water line
(when extended) intersect at about 6D= -125 permil,
much more negative than any a ratio in springs,
creeks, and precipitation today. Even with the
uncertainty presented by possible historical shifts in
local meteoric-water and evaporation lines, such iso-
topically light recharge requires a sustained period of
colder and (or) wetter climate than that of today.
Smith and others (1979) and Friedman and Smith
(1972) suggested that 8D might have been 50 to 85
permil more negative during Pleistocene pluvial
periods on the basis of comparisons with values for
Sierra Nevada snows during the excessively wet
winter of 1968-69. A Pleistocene/Holocene difference
of about 20 to 35 permil was found in plant cellulose
from fossil packrat middens in east-central Nevada
(Siegel, 1983) and the four corners area of the
southwestern United States (Long and others, 1990,
fig. 17.5, p. 391). A similar shift was measured in
radiocarbon-dated ground water from the San Juan
Basin of New Mexico (Phillips and others, 1986, figs.
2 and 3, p. 183). A somewhat smaller difference was
found between Pleistocene and late Holocene ground
water from the Amargosa Desert in west-central
Nevada; however, the youngest water present had a
radiocarbon age of 9,000 years (Claassen, 1985). The
difference estimated from this study is 40 to 45 per-
mil when compared with present precipitation, and 15

to 35 permil when compared with current recharge.
Differences based on comparisons with recharge water
rather than precipitation itself would tend to be less
because recharge and subsequent transport "average"”
the water’s characteristics over a period of many
years, and because recharge tends to be greater from
higher altitudes and during periods of greater
precipitation, which favor depletion in the heavier
isotope. Using the formulation of Yurtsever (1975)
that relates oxygen-isotope ratios in precipitation and
surface mean temperatures at continental locations,
and ignoring possible past changes in altitude at
which recharge occurred, one obtains an average
difference of 2 to 3 degrees Celsius, between "recent”
and "old" recharge to Indian Wells Valley.

WATER-QUALITY CHANGES ALONG A GEOLOGIC
SECTION

Chemical and isotopic data along a west-east
section (fig. 16 and table 5) can be used to summarize
the changes in, and processes that affect, ground-
water quality in Indian Wells Valley. Lithology and
water-table altitude (Kunkel and Chase, 1969;
Berenbrock and Martin, 1991) along this same section
are shown in figure 17. As shown in the figures, land
surface declines steeply eastward from near the Sierra
Nevada on the west and then gently toward its lowest
point in the playa on the east side of the valley.
Delta deuterium decreases (becomes more negative)
easterly from about -95 permil near the Sierra Nevada
to about -105 permil for deep ground water in the
central and eastern parts of the valley. Shallow
ground water from the playa is significantly enriched
in deuterium by evaporation.

Lateral variations in water quality are minor in the
alluvium between the Sierra Nevada and Ridgecrest
(DSC generally is between 200 and 300 mg/L), al-
though changes with depth (associated with changes
in lithology) are observed in samples from well 26S/
40E-32F3 in this section (see fig. 16). Sulfate con-
centrations (on a weight basis) are slightly greater
than chloride concentrations in the alluvium, and pH
is about 8. The expected change in chemical quality
associated with the transition from alluvial to lacus-
strine deposits begins to manifest itself between wells
26S/40E-30E2 and 26S/40E-30K1 (and 26S/40E-
30K2), where (from west to east) there is an increase
in sodium content from about 40 percent to about 80
percent of total cation concentration, and the chlo-
ride/sulfate ratio changes from slightly less than 1 to
slightly greater than 1. These trends intensify farther
to the east: In samples from wells beneath the playa
near the community of China Lake (see fig. 16), DSC
exceeds 1,000 mg/L and chloride concentration
greatly exceeds sulfate concentration in deep zones
subjected to microbial sulfate reduction (refer to data
from wells 26S/40E-22P1 and 26S/40E-22P3 in table
5). There is some evidence that DSC decreases at the
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Figure 16. Continued.
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this report, could be used to model solute
transport and chemical changes if suitable
wells were available along flow paths up-
gradient of wells that have shown recent
increases in DSC.

4. More precisely delineated depth-related water-
quality data and accompanying lithologic data
(including solid-phase chemical, isotopic, and
mineralogic analyses) are needed from central
parts of the valley— especially where advance
and retreat of the ancestral China Lake has
resulted in interfingering of coarse-grained
alluvial and fine-grained lacustrine deposits.

5. Data are needed from places where few or no
wells currently exist. One example is the
northeastern area, where data that would char-
acterize recharge in and north of Airport Lake
are unavailable. Another is in and near the El
Paso Mountains, where recharge may have
occurred during wetter and colder climates.

6. Chemical and isotopic data from the conti-
nental deposits could more fully characterize
differences between ground water in these
deposits and ground water in the alluvial and
lacustrine deposits.

7. Isotopic data from the base of the alluvium
close to the Sierra Nevada could place a mini-
mum constraint on 8D values in recently
recharged water and perhaps more definitively
distinguish current from historical (Pleisto-
cene) recharge.

8. Geochemical and isotopic data similar to those
collected for this study could be obtained from
other small closed or semiclosed Pleistocene
basins in the Western United States to deter-
mine the extent to which similar processes of
evaporative concentration, evaporite disso-
lution, ion exchange, and microbial sulfate
reduction occur; and to establish whether
reliable isotopic maps of late Pleistocene
recharge can be constructed using ground-
water data. Buchanan (1989) has suggested
stmilar use of isotopic (and chemical) data to
distinguish "contemporary high-altitude" from
"paleo-fluid" recharge in geothermal systems
within the Great Basin. The procurement of
detailed isotopic data sets from all small
basins in the Western Unites States would
enhance interpretations made on a large re-
gional scale such as those of Ingraham and
Taylor (1991) and Smith and others (1992).

SUMMARY AND CONCLUSIONS

Ground water is virtually the sole source of water
for residents of Indian Wells Valley. This report

presents the results of a study that updates an
appraisal that was done by the U.S. Geological
Survey in 1972. In the 1972 study, it was found that
pumping had not yet degraded water quality, but more
recent data indicate that dissolved-solids concentration
(DSC) has increased since 1972 in several wells.
These increases were caused by pumpage-induced
flow from nearby lacustrine (and playa) deposits that
contain saline ground water.

For this study, major ions and selected minor
constituents were analyzed in samples from more than
80 wells, and stable hydrogen and oxygen isotopes
were analyzed in samples from 55 wells. Variability
in location and timing of recharge, evapotranspiration
on the valley floor, and several geochemical processes
in the aquifer produce a very wide range in chemical
and isotopic composition of the ground water. The
ranges observed were about 200 to 60,000 mg/L for
DSC, nearly zero to almost half (of DSC) in the
proportion of some individual ions, and -108 to -76
permil for delta deuterium (3D).

Natural recharge to the ground-water system
occurs as surface runoff from the surrounding
mountains that infiltrates alluvial deposits on the
margins of the valley. Natural discharge is by evapo-
transpiration on the valley floor in and around China
Lake. Recharge originates predominantly in the
Sierra Nevada on the west side of the valley; smaller
amounts originate in the Coso and Argus Ranges on
the north and east sides, and less than 5 percent
originates in the El Paso Mountains on the south side.
As ground water moves from alluvium into the lacus-
strine deposits of the ancestral China Lake, its DSC
increases from a few hundred to more than 1,000
mg/L.. Much larger increases in DSC occur in de-
posits near the China Lake playa (especially in the
shallow deposits).

In addition to a general trend of increasing DSC
as ground water moves through the valley, sulfate
(likely microbial) reduction, carbonate precipitation,
ion exchange, and evaporite dissolution in lacustrine
deposits exert a large influence on the concentration
and proportion of major ions. Comparison of depth-
related concentrations at one location beneath Mirror
Lake shows the relative importance of these pro-
cesses.  Stoichiometric calculations indicate that
ground water from depths greater than 400 ft below
land surface has the following incremental difference
from ground water at depths of less than 200 ft: 21
meq/L sulfate reduction accompanied by generation of
carbonate alkalinity, 7 meq/L precipitation of alkaline-
earth carbonates, 9 meg/L ion exchange of aqueous
alkaline-earth ions for sodium ions on clays, and 3
meq/L halite dissolution. The net result of these
processes is that the predominant ions in deep ground
water at this location are sodium (greater than 99
percent of total cations), bicarbonate, and chloride;
and the deep ground water is poorly buffered (pH is
about 9).
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Deposits in which sulfate reduction is intensive
seem to extend upward to shallower depths in China
Lake than in the much smaller Mirror and Satellite
Lakes, where less reducing conditions persist to
greater depth. Accordingly, at those wells that exhibit
a temporal trend of increasing DSC, induced flow
from China Lake might be expected to cause an
increase in the chloride-to-sulfate ratio, and induced
flow from Mirror and Satellite Lakes might be
expected to cause an increase in the sulfate-to-
chloride ratio. There is some evidence for the former
change in the intermediate area and more evidence for
the latter change at Ridgecrest, but DSC has increased
at only a few wells and the change in relative
concentrations still is small in those wells.

Delta deuterium in deep ground water from
alluvial deposits on the west side of the valley ranges
from about -90 permil at the south end to about -105
permil at the north end. Enrichment in deuterium
toward the south probably results from decreasing
altitude of the Sierra Nevada in this direction. The
range in isotope ratios is not as large in current
recharge from the Coso and Argus Ranges, where 8D
ranges from about -90 to about -100 permil, as it is in
current recharge from the Sierra Nevada.

Isotope ratios generally are more negative in
ground water from greater depth, especially in areas
of the valley farthest from the sources of recharge.
This pattern may result partly because this ground
water is recharged at higher altitudes and is less
affected by evaporation, but it also seems to indicate
recharge during an earlier (presnmably late Pleisto-
cene) pluvial period. A local ground-water line,
estimated from the relation between hydrogen- and
oxygen-isotope ratios in ground-water samples mini-
mally affected (that is, having isotopic composition
closest to the global meteoric-water line) by evapo-
ration was found to be nearly parallel, and about 4
permil more negative on the 8D axis, to the global
meteoric-water line defined by 8D = 83'%0 + 10. An
evaporation line with a slope of about 5.8 was
estimated from the isotope ratios in samples of
ground water that had been most affected by evapo-
ration at some time in its history as indicated by
maximum deviation from the meteoric-water line.
These two lines intersect at 8D about -125 permil,
which is 15 to 35 permil more negative than current
recharge.

An advective transport model, MODPATH, was
used to simulate the effects of pumping on ground-
water flow paths and traveltimes in Indian Wells
Valley. Historical water-level data and the
MODPATH simulations indicate that pumping in the
intermediate area has reversed the hydraulic gradient
between China Lake and the intermediate area, and
that pumping at Ridgecrest has induced flow from
Mirror and Satellite Lakes. Simulation of advective

transport of ground water through alluvium from
Little Dixie Wash, a few miles west of pumped wells
in the intermediate area, suggests that pumping has
significantly increased the velocity of ground-water
movement but that traveltimes from Little Dixie Wash
to the pumped wells still may be 1,000 years or more.

Traveltimes as great as several thousand years
were obtained between other parts of the valley;
where flow paths pass through lacustrine deposits,
traveltimes increase markedly. Such long traveltimes
give additional credibility to the isotopic evidence for
existence of late Pleistocene ground water in the
eastern and central parts of Indian Wells Valley. The
traveltimes also demonstrate that the recently
observed increase in DSC at several wells between
the area of heavy pumping and the playas originates
either from increased flow through permeable strata
not accounted for in the simplified model or from
local sources (lacustrine deposits) near the wells.
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Supplemental Data A. Altitude of water level for selected wells in Indian Wells Valley, spring 1988

[Altitudes are given in feet above sea level; depth to water in feet below land surface. Winter or summer data are given
for those wells for which spring data are not available]

Altitude of Depth to Altitude of Monitored
Well number land surface Date water water level aquifer

24S/38E-16J2 2,585 03/29/88 318.80 2,266.20 Deep
24S5/38E-33J2 2,480 03/29/88 274.98 2,205.02 Deep
25S/38E-13L1 2,320 03/29/88 13543 2,184.57 Deep
25S8/38E-23G1 2,412 03/19/88 233.72 2,188.28 Deep
258/38E-25L1 2,329.2 03/19/88 142.93 2,186.27 Deep
258/39E-31R1 2,260 01/12/88 73.22 2,186.78 Deep
268/38E-27G1 2,900.68 01/12/88 659.50 2,241.18 Deep
26S/38E-7N2 2,395.3 03/19/88 210.43 2,184.87 Deep
26S/39E-8E1 2,318 03/08/88 134.50 2,183.50 Deep
26S/39E-17F2 2,340 01/12/88 171.98 2,168.02 Deep
265/39E-19Q1 2,418.3 03/19/88 232.65 2,185.65 Deep
26S/39E-24K1 2,347.4 03/19/88 202.59 2,144.81 Deep
26S/39E-30F1 2,433.5 03/19/88 248.04 2,185.46 Deep
26S/40E-4Q1 2,185 03/02/88 12.67 2,172.33 Shallow
26S/40E-6D1 2,216 03/02/88 33.67 2,182.33 Shaltow
26S/40E-6D2 2,216 03/02/88 34.42 2,181.58 Shallow
26S/40E-9A1 2,187 03/02/88 14.72 2,172.28 Shallow
26S/40E-11J3 2,174 03/18/88 3.37 2,170.63 Shallow
26S/40E-14B1 2,186.5 03/18/88 1.00 2,185.5 Shaltow
26S/40E-141.1 2,201 03/18/88 5.18 2,195.82 Shaliow
26S/40E-19P1 2,336 03/29/88 192.98 2,143.02 Shallow
26S/40E-22P1 2,258.7 01/11/88 103.92 2,154.78 Shallow
26S/40E-22P3 2,260 01/11/88 96.34 2,163.66 Shallow
26S/40E-23A3 2,210 01/12/88 24.59 2,185.41 Shallow
26S/40E-23A4 2,210 01/12/88 20.08 2,189.92 Shallow
26S/40E-23G1 2,215.04 07/07/88 23.78 2,191.26 Shallow
26S/40E-32F3 2,320 01/11/88 184.18 2,135.82 Shallow
26S/40E-32F4 2,320 01/11/88 185.84 2,135.16 Shallow
26S/40E-34H1 2,243 01/12/88 67.92 2,175.08 Shallow
26S/40E-35H2 2,243 01/12/88 72.14 2,170.86 Shallow
27S/39E-8Al 2,535 01/14/88 342.46 2,192.54 Shaliow
27S/39E-16C1 2,582.3 06/09/88 389.98 2,192.32 Shallow
27S/40E-4A1 2,305 01/11/88 146.67 2,158.33 Shallow
27S/40E-6D2 2,400 01/11/88 271.68 2,128.32 Shallow
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Supplemental Data B. Chemical analyses of ground water in Indian Wells Valley, 1987-88

[Altitude of land surface is given in feet above sea level. Depth of well and perforated interval are given in feet below
chloride, nitrate, sulfate, and silica (Fishman and Friedman, 1989, p. 459-460). uS/cm, microsiemens per centimeter at
--, no data available.]

Altitude Depth Perforated Temper- igre“cilufii pH
Well number Date Time of land of well, X ature (standard
interval o ance .
surface total (§(®) (uS/cm) units)
Northwestern area
25S/38E-11L1 09-20-87 1300 2,445 400 -- 20.5 500 8.0
07-09-88 1325 26.5 500 8.0
255/38E-13J1 07-06-88 1430 2,295 154.5 -- 270 570 8.2
25S/39E-4R1' 206----87 -- 2,252.6 200 100-200 - 1,300 7.6
07-08-88 1105 26.0 1,220 7.6
258/39E-911! 01-19-89 1445 2,248.1 200 -- 24.0 930 7.7
Western area
25S/38E-2511 308-25-88 — 2,275 330 120-330 -- 1,400 7.7
25S/38E-36A1 308-25-88 -- 2,291 285 139-285 -- 4,400 7.5
25S/38E-36B1 307-29-88 -- 2,293 400 200-400 - 1,160 7.5
258/39E-31D1 307-29-88 -- 2,267 300 140-300 -- 1,280 7.5
25S8/39E-31R1 05-31-87 1125 2,260 480 120-180 220 3,820 94
26S/39E-5F1" 07-08-88 1205 2,276.7 200 100-200 24.0 850 7.4
26S/39E-8E1 05-31-87 1540 2,318 880 570-880 26.0 1,350 9.0
26S/39E-17F2 05-31-87 1500 2,340 881 681-881 22.0 360 8.8
26S/39E-18K2 07-01-88 0850 2,388 310 290-310 28.5 530 7.3
26S/39E-19K1 204-01-87 0900 2,406.2 803 270-540 -- 780 8.1
26S/39E-30J1 *05-14-87 1255 2,441.1 430 294-298; - 430 8.30
306-325;
330-343;
360-370;
393-413
07-07-88 1115 30.5 445 8.1
Southwestern area
26S/37E-26L1 07-23-87 1500 4,320 50 - 27.5 400 7.2
27S/39E-7R1 308-31-88 1200 2,563.3 515 434-514 - 440 7.75
27S/39E-8M1 07-02-87 1200 2,558 - @) 320 420 8.1
307-02-87 1600 -- ®& 29.0 430 7.96
307-06-87 1055 - ) 27.4 400 7.98
307-06-87 1315 -- & 28.5 430 7.77
307-06-87 1635 -- é) 30.1 430 8.02
*07-06-87 1755 -- &) 29.7 420 7.7
China Lake area
25S/39E-12R2! 204-28-87 0900 2,196.1 150 65-140 -- 1,240 7.8
07-08-88 1030 24.5 1,150 7.7
26S/40E-1A2 06-01-87 1920 2,157.6 197.5 80-100; 24.0 18,500 --
110-130;
170-190
26S/40E-4Q1 05-30-87 0930 2,185 290 30-50; 21.0 875 9.0
70-90;
110-130
26S/40E-6C1 05-30-87 1845 2,195 620 500-600 20.5 90,000 10.1
26S/40E-6D1 05-30-87 1800 2,216 320 276-300 23.5 16,000 10.1
26S/40E-6D2 05-30-87 1820 2,216 260 120-200 24.0 14,500 9.7
26S/40E-9A1 05-29-87 1810 2,187 100 20-40; 23.0 950 8.0
60-80
26S/40E-11J3 07-01-88 1530 2,174 7.6 -- 27.5 11,600 7.5
26S/40E-14B1' 05-27-87 1250 2,186.5 22 20-22 23.5 6,400 7.9
07-06-88 1800 22.0 4,770 7.5

Footnotes at end of table.

48 Ground-Water Fiow, Quality, Geochemical Processes, in Indian Wells Valley, Kern, Inyo, San Bernardino Counties



land surface. Calculated by adding the following constituents: calcium, magnesium, sodium, potassium, alkalinity,
25°C; °C, degrees Celsius; mg/L., milligrams per liter; pg/L, micrograms per liter; <, actual value less than value shown;

Hardness H; ;gg:s_s’ Calcium, Magnesium,  Sodium, Sodium  Potassium, Allgnillxélty, Alkzla:bmty,
(mg/L, bonate dissolved dissolved dissolved Perc.:em adsorp- dissolved (mg/L (mg/L
as (mg/L, as (mg/L, (mg/L, (mg/L, sodium tion (mg/L, as ’ a ’
CaCoO,) CaCo,) as Ca) as Mg) as Na) ratio as K) CaCo,) CaCO,)
Northwestern area--Continued
94 0 24 8.3 61 57 3 4.8 -- 193
100 0 26 8.4 74 60 3 4.9 184 194
140 0 33 13 70 52 3 5.8 179 176
275 -- 50 37 166 55 4 16 - 370
290 0 52 39 170 55 4 11 345 356
230 0 46 29 110 49 3 9.6 321 336
Western area--Continued
162 - 40 15 253 77 9 54 - 365
1,271 - 309 121 486 45 6 7.7 -- 372
214 -- 61 15 183 64 5 4.9 -- 325
258 -- 72 19 185 60 5 44 - 315
150 0 41 11 710 95 25 6.1 -- 684
210 37 59 14 120 55 4 3.7 168 164
5 0 1.5 .28 280 99 55 2.8 544 557
15 0 4.9 .64 52 85 6 3.7 106 118
120 32 38 6.0 51 48 2 2.3 88 91
185 -- 60 9 64 42 2 4 - 60
92 - 29.4 34 54.3 56.3 2.5 34 103 --
98 0 31 4.9 55 54 3 2.3 108 110
Southwestern area--Continued
-- -- -- - -- - - - 123 123
108.4 -- 322 6.8 50.7 49.7 2.2 2.7 -- 110.9
97 5 30 5.3 49 51 2 34 92 101
91.2 - 21.6 3.0 52.6 62.2 28 2.7 -- 110.5
99.6 - 324 4.6 48.7 50.8 2.1 2.3 -- 107.1
103.2 - 34.9 3.9 45.8 48.5 2.0 2.2 -- 109.2
103.6 - 34.9 4.0 474 49.2 2.0 2.4 -- 109.7
117.3 -- 40.7 34 41.3 43.1 1.7 2.6 -- 106.6
China Lake area--Continued
205 -- 40 25 177 63 5 20 -- 305
220 0 43 27 180 63 5 11 298 303
5 0 1.7 3 4,300 99 830 42 -- 4,180
68 0 20 43 110 76 6 4.7 196 110
11 0 31 75 24,000 100 3,300 74 - 28,200
12 0 29 1.2 4,000 100 510 10 -- 4810
12 0 3.1 1.0 3,500 100 460 17 3,360 4,100
130 0 41 6.7 110 64 4 4.6 182 186
400 76 87 44 2,800 93 63 32 323 343
860 550 250 57 890 69 14 19 307 320
660 370 190 45 830 73 15 15 290 309
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Supplemental Data B. Chemical analyses of ground water in iIndian Wells Valley, 1987-88--Confinued

Solid Solids, Nitr Nitr Nitrogen
Sulfate, Chloride, Fluoride, Silica, O_:j S sum of N(l) 0%\?8’ 1rogen mmonia +
Well number dissolved  dissolved dissolved dissolved a‘reisslolf,ec constit- dissZ;lve d3 322?3:‘:1’ organic,
(mg/L, (mg/L, (mg/L, (mg/L, R > uents, dissolved
asS0,)  asCh)  asF)  assio) ssolved  giecoived (ML, mgll, g,
(mg/L) (mg/L) as N) as N) as N)
Northwestern area--Continued
25S8/38E-11L1 41 12 1.4 24 - 296 0.83 - --
40 11 1.3 26 - 306 .89 0.010 <0.20
25S/38E-13]1 62 24 .40 22 -- 343 .68 1.90 1.7
25S/39E-4R1! 105 118 .6 -- 764 715 -- - --
150 110 .70 48 -- 792 37 .030 .30
25S/39E-9J1* 88 59 .70 47 - 584 .16 .020 .20
Western area--Continued
25S/38E-25J1 114 163 14 -- 875 812 - - --
25S/38E-36A1 1,220 310 .63 -- 3,210 2,992 -- - --
25S/38E-36B1 141 95.9 73 -- 755 702 -- - --
25S/39E-31D1 185 106 .97 - 845 767 - -- --
25S/39E-31R1 110 550 2.1 35 -- 1,890 .14 -- --
26S/39E-5F1! 180 75 .60 40 - 594 <.10 .020 .20
26S/39E-8E1 11 58 9.5 29 -- 724 <.10 - --
26S/39E-17F2 6.7 7.2 3.2 30 - 173 <.10 -- --
26S/39E-18K2 63 55 .6 35 - 312 1.50 .020 .70
26S/39E-19K 1 80 136 7 -- 393 393 -- -- --
26S/39E-30J1 58 24 9 -- 252.8 243 -- - -
54 27 .6 36 - 283 1.70 .030 .20
Southwestern area--Continued
26S/37E-26L1 - - -- -- - - - - --
27S/39E-7R1 57.5 254 v -- 258.8 225 - - -
27S/39E-8M 1 56 32 1.2 10 274 263 1.80 90 .60
45.6 25.5 1.0 - 246.4 225 -- -- --
47.3 26.0 9 - 253.8 234 - - -
46.5 25.7 9 -- 262.3 231 - - --
47.2 25.9 9 - 252.0 234 - -- --
50.1 28.3 8 - 260.8 235 -- -- --
China Lake area--Continued
25S/39E-12R2! 129 117 8 -- 692 692 -- - --
140 120 .80 52 - 760 47 <.010 .50
26S/40E-1A2 950 3,700 37 69 - 11,700 <1.0 -- --
26S/40E-4Q1 52 120 7 49 -- 481 23 -- -
26S/40E-6C1 5,200 14,000 150 48 - 60,700 <10 -- --
26S/40E-6D1 120 2,700 11 34 - 9,850 <10 -- --
26S/40E-6D2 210 2,800 10 22 - 8,710 <10 -- -
26S/40E-9A1 76 130 Vi 54 - 535 .20 -- -
26S/40E-11J3 1,000 3,800 2.7 110 - 8,090 A2 .030 .70
26S/40E-14B1! 710 1,300 1.2 69 -- 3,500 3.10 - --
580 1,000 1.1 70 - 2,930 3.10 .060 .60

Footnotes at end of table.
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Nitrogen, Nitrate,  Phosphorus, Boron, Iron, Manganese,

organic, total dissolved dissolved dissolved dissolved Predominant Monitored Well use
dissolved (mg/L (mg/L, (ng/L, (ug/L, (ug/L, ions aquifer
(mg/L, as N) as NO,) as P) as B) as Fe) as Mn)
Northwestern area--Continued
-- - -- 380 150 2 Na HCO, Deep Domestic
- -- 0.050 510 <3 1 Na HCO, Deep
0 -- .010 230 3 110 Na HCO, Deep Observation
- 1 - -- - - Na HCO, Deep Military
.27 -- .020 2,800 <3 50 Na HCO,
.18 -- .020 1,400 150 75 Na HCO, Deep Military
Western area--Continued
- 22 - - <50 <10 Na HCO, Deep Agricultural
- 315 -- -- <50 <10 Na Ca SO, Deep Agricultural
- 6.2 -- -- 80 50 Na HCO, Deep Agricultural
-- 6.2 - -- 70 10 Na HCO, SO, Cl1 Deep Agricultural
- -- -- 18,000 40 30 Na Cl HCO, Deep Observation
.18 -- .010 510 260 65 Na SO, HCO, Cl Deep Military
- -- -- 5,400 40 5 Na HCO, Deep Observation
-- - -- 600 23 7 Na HCO, Deep Observation
.68 - .020 160 1,400 18 Na Ca HCO3 Cl1 SO, Deep Domestic
- 4 -- - -- -- Ca NaCl Deep Military
-- 8.9 - - 20 <20 Na HCO, Deep Municipal
17 -- .010 200 <3 <1 Na HCO,
Southwestern area--Continued
- - - -- - - - Deep Domestic
- 7.6 - - <100 40 Na Ca HCO, Deep Observation
S1 - .040 170 150 180 Na HCO, SO, Deep Observation
-- 7.9 - - 410 80 Na HCO,
-- 8.5 - -- 400 30 Na HCO,
- 6.3 -- -- 430 60 Na Ca HCO,
-- 6.6 -- -- 300 30 Na Ca HCO,
-- 5.6 -- -- 40 110 Ca Na HCO,
China Lake area--Confinued
-- 1 -- - 600 <30 Na HCO, Shallow Military
- - .020 2,800 <3 7 Na HCO, SO, Cl
- - -- 170,000 740 20 Na Cl Shallow Observation
.- -- - 1,700 12 6 Na CI Shallow Observation
-- - - 270,000 620 18 Na HCO, Deep Observation
- - - 84,000 80 20 Na HCO, Deep Observation
- - - 130,000 140 20 Na ClI HCO, Shallow Observation
- -- -- 2,100 16 57 Na Cl HCO, Shallow Observation
.67 -- .060 21,000 30 10 Na Cl Shallow Observation
- -- - 7,900 60 100 Na Cl Shallow Observation
.54 -- .060 6,300 10 50 Na Cl Shallow Observation
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Supplemental Data B. Chemical analyses of ground water in Indian Wells Valley, 1987-88--Continued

\ Specific
. Altitude Depth Perforated Temper- conduct- pH
Well number Date Time of land of well, interval ature (standard
rface total ntery G ance units)
Su (uS/cm)
China Lake area--Continued
26S/40E-14L1" 06-30-88 1815 2,201 57 55-57 24.0 2,200 7.3
26S/40E-15N2 07-09-88 0945 2,234.83 101 99-101 26.0 3,950 8.6
26S/40E-17J1! 07-02-88 1050 2,262.35 97 95-97 250 415 7.5
26S/40E-17R1! 07-02-88 0930 2,266.65 101 99-101 24.5 450 7.8
26S/40E-22A1 05-31-87 0900 2,227 153 35-75 22.0 9,400 7.5
07-06-88 1650 24.5 6,100 7.5
26S/40E-22B1! 06-02-87 1140 2,232.45 63 61-63 25.0 7,200 7.7
07-07-88 0930 26.5 5,900 7.9
26S/40E-22H1! 06-29-88 1745 2,226.62 49 47-49 27.0 4,800 7.2
26S/40E-22H2! 06-29-88 1850 2,227.03 77 75-77 26.0 11,000 7.2
26S/40E-22H3! 06-02-87 1100 2,226.23 97 95-97 26.0 9,200 7.4
07-07-88 0900 27.0 6,000 7.5
26S/40E-22J1° 07-01-88 1430 2,236.88 71 69-71 28.0 3,100 7.1
26S/40E-22P1! 05-27-87 1830 2,258.7 830 530-830 31.0 1,830 8.6
08-09-88 1730 320 1,880 8.6
26S/40E-22P2! 07-01-88 1350 2,262.8 75 73-75 28.5 2,180 7.2
26S/40E-22P3 05-26-87 1740 2,260 415 400-415 27.0 2,230 8.8
08-08-88 1710 27.5 2,220 8.8
26S/40E-22P4 05-26-87 1635 2,260 215 200-215 25.0 2,250 7.3
08-09-88 1040 25.5 1,670 7.4
26S/40E-23B2 05-27-87 1035 2,210 360 300-340 245 2,180 8.7
01-18-89 1630 23.5 2,000 8.8
26S/40E-23B3 05-27-87 1250 2,210 240 180-220 24.0 2,150 8.8
07-07-88 1340 25.0 2,150 8.8
26S/40E-23D1 05-26-87 2005 2,223 400 385-400 24.5 2,900 9.0
26S/40E-23D2 05-26-87 2010 2,223 185 170-185 23.0 8,500 8.3
26S/40E-23G1! 07-07-88 1700 2,213.04 57 55-57 24.0 8,550 7.9
Southeastern area
26S/40E-25C2 05-28-87 1835 2,255 160  20-40; 60-80 24.0 1,710 8.0
26S/40E-26F1! 07-08-88 1710 2,225 77 75-77 25.5 2,150 7.7
26S/40E-27D1 07-08-88 1420 2,266.71 160 100-140 26.5 2,350 7.9
26S/40E-27D2 07-08-88 1400 2,264 - -- 25.5 2,150 7.9
26S/40E-27E3 07-08-88 1345 2,269.06 480 400-460 26.5 640 9.1
26S/40E-28J1 309.---87 - 2,288.9 - -- -- 870 8.4
26S/40E-32F3 05-28-87 1500 2,320 720 520-700 335 775 9.1
%01-07-88 1345 - 880 8.27
26S/40E-32K1 301-07-88 1330 2,330 620 230-310; -- 420 8.27
340-380,
470-500;
520-600
26S/40E-33P4 05-28-87 1610 2,300 304 169-182; 27.0 660 8.7
198-216;
233-252;
256-272;
278-290
01-17-89 1900 26.0 580 8.7
26S/40E-34N1 01-18-89 1030 2,290.4 232 135-142; 24.0 730 7.9
146-155;
176-181
26S/40E-35Q2! 01-19-89 1030 2,251.47 127 125-127 21.5 1,500 7.9

Footnotes at end of table.
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Hardness I-La;lc]igzrs_s, Calcium, Magnesium,  Sodium, Sodium  Potassium, Alkf?éllgny’ Alk?;;)mty,
(mg/L, bonate dissolved dissolved dissolved Perc;ent adsorp- dissolved (mg/L (mg/L
as (mg/L. as (mg/L, (mg/L, (mg/L, sodium tion (mg/L, | s
CaCO,) CaCo,) as Ca) as Mg) as Na) ratio as K) CaCO,) CaCo,)
China Lake area--Continued
280 0 73 23 390 75 11 10 404 420
32 0 5.3 4.6 1,200 98 94 15 925 939
100 0 30 6.0 43 47 2 4.2 121 122
110 0 32 6.3 42 45 2 4.8 125 132
2,400 2,200 420 320 1,500 57 14 59 162 170
2,100 1,900 310 320 960 49 9 45 164 171
920 640 120 150 1,300 74 19 41 282 287
920 630 88 170 1,300 75 19 36 290 300
2,400 2,300 500 290 540 32 5 53 138 146
3,900 3,600 440 670 2,400 57 17 49 235 247
3,000 2,700 450 450 1,400 50 11 45 272 276
2,700 2,400 190 530 1,500 55 13 40 270 266
1,000 770 170 140 370 44 5 29 230 237
6 0 1.7 .53 410 99 73 4.4 741 771
6 0 1.7 .52 440 99 78 4.1 738 764
690 570 150 76 210 39 4 20 119 115
8 0 2.1 .70 520 99 82 7.1 880 880
5 0 1.2 .60 650 99 120 7.1 874 898
940 850 270 65 170 28 3 20 93 97
590 490 170 41 130 32 2 11 101 111
12 0 2.7 1.2 440 97 58 13 487 477
15 0 3.4 1.7 470 97 53 12 482 471
12 0 2.7 1.2 430 97 56 12 760 542
16 0 39 1.5 470 97 53 10 558 570
15 0 3.2 1.8 720 98 82 11 1,030 724
490 200 56 86 1,600 87 32 38 295 231
570 140 87 86 2,000 88 37 31 434 442
Southeastern area--Continued
220 120 60 16 230 69 7 9.0 98 120
440 270 110 40 270 56 6 13 173 175
1,400 1,300 140 70 220 45 4 32 109 91
560 430 150 46 230 46 4 22 133 127
-- -- -- - - - -- -- 195 --
212 - 60 15 83 43 3 26 - 73
9 0 3.5 .06 150 97 23 .8 165 171
28.8 .- 10.7 .5 183.0 92.8 14.8 2.0 - 71.3
27.6 -- 7.3 2.2 82.7 86.1 6.9 14 - 110.9
25 0 7.7 1.4 110 89 10 27 86 105
31 0 9.6 1.8 110 87 9 3.1 87 101
150 57 39 12 82 53 3 6.9 90 92
220 120 62 16 210 66 6 15 100 108
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Supplemental Data B. Chemical analyses of ground water in Indian Wells Valley, 1987-88--Confinued

. Solids, . . Nitrogen
Sulfate,  Chloride, Fluoride, Silica, S"!tjds’ sum of g(‘)‘mieg’ Nitrogen o1 monia +
Well number dissolved  dissolved dissolved dissolved atrelsiilou% constit- diss2;1ve d3 3?;:;??63 organic,
(mg/L, (mg/L, (mg/L, (mg/L, . i uents, dissolved
as SO,) as Cl) as F) as Si0,) dﬁ;‘;}j’d dissolved (:;glill; (:;glei, (mg/L,
(mg/L) as N)
China Lake area--Continued
26S/40E-14L11 250 340 1.2 71 - 1,420 3.00 0.020 13
26S/40E-15N2 1,100 160 1.5 56 - 3,170 <10 .010 33
26S/40E-17J1! 40 24 .8 45 -- 266 <10 <.010 .60
26S/40E-17R1! 41 28 i 52 - 282 <10 .030 .70
26S/40E-22A1 5,200 400 1.1 68 -- 8,080 1.20 - --
3,700 310 1.0 70 -- 5,830 2.10 120 .70
26S/40E-22B1! 3,200 210 1.2 68 - 5,290 3.70 -- --
3,200 210 1.1 72 -- 5,280 3.20 .100 .60
26S/40E-22H1! 3,100 210 2.0 83 - 4,870 1.20 .100 1.0
26S/40E-22H2! 8,100 430 2.7 46 - 12,300 1.40 150 1.0
26S/40E-22H3! 5,500 260 2.1 69 - 8,350 <.10 -- -
5,100 210 1.9 73 - 7,820 .10 1.90 1.8
26S/40E-2211! 1,200 210 23 69 -- 2,330 1.00 .080 .80
26S/40E-22P1! 12 150 35 41 -- 1,070 <.10 -- --

13 140 29 39 -- 1,090 <.10 .350 1.0
26S/40E-22P2! 960 96 1.8 77 - 1,660 <.10 .850 13
26S/40E-22P3 11 230 5.1 26 -- 1,340 <10 -- --

8.6 220 4.6 39 -- 1,470 <.10 1.10 1.8
26S/40E-22P4 1,100 140 .5 63 -- 1,890 1.10 -- --
670 110 5 62 -- 1,260 .90 .030 40
26S/40E-23B2 42 340 2.6 54 -- 1,190 <.10 -- --

58 320 23 52 - 1,220 <.10 1.60 1.8
26S/40E-23B3 31 250 2.5 48 -- 1,240 <.10 -- -

38 240 22 22 - 1,140 <10 9.90 2.2
26S/40E-23D1 330 370 6.0 14 -- 2,090 <.10 -- --
26S/40E-23D2 2,300 1,100 1.7 46 - 5,420 <.10 -- -
26S/40E-23G1! 2,300 1,400 23 67 -- 6,260 <.10 910 1.2

Southeastern area--Continued

26S/40E-25C2 240 280 1.2 56 -- 956 .85 - --
26S/40E-26F1" 490 270 .5 18 -- 1,320 <.10 .290 .50
26S/40E-27D1 1,200 35 8 90 -- 1,940 <10 1.20 1.2
26S/40E-27D2 810 120 .6 22 - 1,490 1.70 1.40 1.8
26S/40E-27E3 -- . - - -- - - -- --
26S/40E-28J1 270 55.6 38 -- 595 554 -- -- -
26S/40E-32F3 28 110 8 53 -- 446 <.10 -- --

48.9 221.8 i -- 560.5 511 -- -- -
26S/40E-32K1 24.3 373 1.3 - 267.5 227 -- - -
26S/40E-33P4 27 96 1.2 37 - 343 1.70 - -

29 100 1.0 37 -- 353 1.90 <.010 .30
26S/40E-34N1 86 110 .6 46 -- 442 1.10 .020 .60
26S/40E-35Q2! 43 420 Vi 65 -- 894 <.10 .240 .50

Footnotes at end of table.

54 Ground-Water Fiow, Qudiity, Geochemicai Processes, in indian Welis Vaiiey, Kem, inyo, San Bernardino Counties



Nitrogen, Nitrate,  Phosphorus, Boron, Iron, Manganese,
organic, total dissolved dissolved dissolved dissolved Predominant Monitored Well use
dissolved (mg/L (mg/L, (ng/L, (ug/L, (ug/L, ions aquifer
(mg/L, as N)  as NO,) as P) as B) as Fe) as Mn)
China Lake area--Continued
1.3 - 0.060 3,700 1,300 40 Na Cl HCO, SO, Shallow Observation
33 -- 710 69,000 110 40 Na SO, HCO, Shallow Observation
- -- .010 200 220 31 Na Cl HCO, Shallow Observation
.67 -- .020 200 21 29 Na Cl HCO, Shallow Observation
-- - - 12,000 50 160 Na SO, Shallow Observation
58 - .020 5,100 30 40 Na SO,
- - - 10,000 200 170 Na SO, Shallow Observation
.50 - .060 10,000 220 160 Na SO,
.90 - .050 2,600 120 260 Ca Mg Na SO, Shallow Observation
.85 -- .050 11,000 520 290 Na SO, Shallow Observation
- -- -- 11,000 990 460 Na SO, Shallow Observation
0 - .050 9,300 160 400 Na SO,
72 -- .010 1,900 30 170 Na Mg Ca SO, Shallow Observation
- - - 4,900 60 S Na HCO, Deep Observation
.65 -- 170 4,700 35 3 NaHCO,
45 -- .010 510 180 81 Na Ca Mg SO, Shallow Observation
- -- - 15,000 110 20 Na HCO, Deep Observation
70 -- 310 14,000 100 <10 Na HCO,
-- -- -- 710 90 130 Na Mg SO, Shallow Observation
.37 -- 110 520 40 15 Ca Na Mg SO,
-- -- -- 5,800 40 20 Na HCO, C1 Deep Observation
20 - .140 5,200 50 10 Na HCO, Cl
- -- 170 5,700 60 10 Na HCO, Shallow Observation
0 -- .180 5,900 20 <10 Na HCO,
- - -- 19,000 180 20 Na HCO, CI SO, Shallow Observation
- - .050 19,000 40 100 Na SO, Shallow Observation
.29 - 120 25,000 180 100 Na SO, Cl Shallow Observation
Southeastern area--Continued
-- -- -- 1,300 <3 35 Na Cl Deep Observation
21 -- .030 1,800 210 10 Na SO, Cl Deep Observation
0 -- .010 500 <10 130 Ca SO, Deep Observation
.40 -- .020 660 20 100 Na Cl Mg SO, Deep Observation
- - - - - - - Deep Observation
- 0.4 -- - 230 20 Na Ca SO, Deep Institutional
- -- - 880 <3 3 Na HCO, Cl1 Deep Municipal
- <1.0 -- -- <100 <30 Na Cl
-- 4.7 - - <100 <30 Na HCO, Deep Municipal
- - - 660 <3 5 Na Cl Deep Municipal
- - .010 620 13 3 Na Cl
.58 -- .020 560 48 6 Na Cl HCO, SO, Deep Municipal
.26 - .010 1,900 92 36 Na Cl Deep Observation
- - - 2,900 40 50 Na Cl1 SO, Deep Observation
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Supplemental Data B. Chemical analyses of ground water in Indian Wells Valley, 1987-88--Continued

Altitude Depth Temper- Specific pH
. Perforated conduct-
Well number Date Time of land of well, s ature (standard
interval o ance
surface total (°C)

(uS/cm) units)

Southeastern area--Continued

26S/40E-36A1 05-28-87 1135 2,247.2 270.2 80-90, 21.5 2,320 75
107-127;
187-195;
240-260
27S/40E-1M2 07-08-88 0925 2,290 210 150-210 25.0 990 8.1
27S/40E-2G3 07-08-88 2020 2,258 500 - 25.0 2,600 8.2
27S/40E-2H1 06-30-88 1610 2,275 200 119-197 29.5 1,200 79
27S/40E-2J1" 06-01-87 1330 2,300 220 - 25.0 2,200 7.7
06-30-88 1410 26.0 2,000 7.7
27S/40E-4B2 05-29-87 0825 2,298 288 128-278 26.0 1,400 8.0
106-11-87 0836 -- 1,200 8.01
27S/40E-5D1 05-29-87 0845 2,375 555 251-555 25.0 620 8.8
27S/40E-6H1 06-02-87 1500 2,395 402 220-400 29.5 560 8.9
301-14-88 1050 - 500 8.21
27S/40E-6R2 302-11-88 - 2,400 - - - 1,200 8.02
27S/40E-8A1 301-14-88 1015 2,345 - - - 600 8.26
27S/40E-8B1 06-02-87 1445 2,380 400 200-400 29.5 720 8.7
301-14-88 0921 -- 630 8.28
27S/40E-8B2 ’01-14-88 0931 2,365 400 200-400 - 670 8.17
27S/40E-8C2 %01-14-88 0900 2,388 400 220-400 - 670 7.81
27S/40E-8F1 301-14-88 0844 2,397 400 - - 790 8.26
27S/40E-8Q2 06-02-87 1415 2,430 367 - 30.0 1,240 8.8
%01-14-88 0830 - 790 8.19
Intermediate area
26S/39E-13R3 05-30-87 1645 2,318 300 150-170; 26.0 365 8.0
200-220;
240-260
26S/39E-13R4 01-18-89 1500 2,318 800 640-800 33.0 1,300 9.0
26S/39E-20R2 05-29-87 1330 2,421 920 600-900 28.5 365 8.2
26S/39E-24P1" 05-29-87 1205 2,355 800 250-350; 30.5 360 9.0
490-580;
640-780
26S/39E-25E1 05-29-87 0910 2,345 387 179-260; 26.0 450 7.9
268-284;
291-384
106-12-87 - - 400 8.10
26S/39E-26B3 %01-07-88 1415 2,384 -- - - 400 8.11
26S/39E-27C1 %01-07-88 1430 2,415 500 - - 440 8.02
26S/40E-30E2 05-29-87 0930 2,345 378 205-378 27.0 410 8.1
%06-11-87 - - 390 8.16
26S/40E-30K 1 301-07-88 -- 2,340 800 250-800 - 380 8.28
26S/40E-30K2 05-14-87 1600 2,340 802 220-470; 32.0 375 8.9
600-760
%01-07-88 - - 370 8.2
27S/39E-12M1 1206----87 - 2,530 - -- - 550 8.0
1209.---87 - - 550 78
27S/40E-6D1 05-28-87 1440 2,400 720 580-700 33.0 380 9.0
%01-07-88 1400 - 440 8.2

Footnotes at end of table.
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Hardness, Alkalinity, Alkalinity,

Hardness ) Calcium, Magnesium,  Sodium, Sodium  Potassium, .
(mg/L, rlljcz)r:]caeire dissolved  dissolved  dissolved Percent  adsorp- dissolved ( gegl/i ( ng;L
as (mg/L., as (mg/L, (mg/L, (mg/L, sodium tion (mg/L, as as
CaCo0,) CaCo,) as Ca) as Mg) as Na) ratio as K) CaCO,) CaCo,)
Southeastern area--Continued
450 290 140 24 260 55 6 8.7 162 173
91 0 0 3.8 180 80 9 4.1 155 157
250 140 69 20 410 77 12 11 114 105
81 0 6 4.0 200 83 10 5.0 167 176
230 67 75 11 320 74 10 6.1 166 165
260 100 81 13 320 72 9 7.0 156 167
220 120 57 18 160 61 5 5.3 92 101
312.8 -- 96.4 17.5 122.0 45.1 3.0 8.2 -- 161.3
9 0 29 42 120 96 18 i 164 166
5 0 1.9 11 110 98 22 4 154 157
21.6 - 59 1.7 106.0 91.0 9.9 9 - 137.5
50.4 -- 17.9 1.4 249.0 91.2 15.3 1.6 -- 147.2
44.8 -- 16.7 .8 117.0 84.4 7.6 1.6 -- 129.3
26 0 9.0 .84 130 91 12 9 172 182
41.6 -- 14.9 1.1 125.0 86.1 8.4 1.6 -- 161.9
45.2 -- 15.4 1.7 134.0 85.9 8.6 1.8 -- 162.8
109.6 -- 41.0 1.7 105.0 67.2 4.4 1.7 -- 149.5
56.8 -- 20.9 1.1 154.0 84.9 8.9 2.1 - 149.0
20 0 73 32 220 96 23 1.6 146 152
20.8 - 5.3 1.8 175.0 94.4 16.8 1.5 -- 158.7
Intermediate area--Continued
93 0 29 5.0 30 40 1 2.7 118 126
12 0 37 .56 320 98 4] 34 481 475
34 0 10 2.3 62 79 5 1.9 103 107
59 4 21 1.7 40 59 2 1.4 56 71
110 23 34 7.0 35 40 1 2.1 91 98
116.0 - 37.8 5.3 329 37.3 1.3 3.2 -- 76.9
116.0 - 37.8 4.2 38.0 419 1.6 23 -- 88.8
117.6 - 40 4.2 41.8 43 1.7 25 -- 92.9
110 33 29 8.6 32 38 1 4.0 75 95
106.4 -- 31.9 6.5 29.2 36 1.2 5.2 - 74.0
34.8 -- 10.3 2.2 68.7 80.2 5.1 1.7 - 105.3
47 0 13 3.5 60 73 4 1.9 89 101
12.8 - 3.5 1.0 81.1 92.7 9.8 .8 -- 116.8
188 -- 47 13 -- -- -- - - --
133 -- 50 14 -- - -- - - -
5 0 2.0 .03 76 97 15 .6 97 113
10.8 - 35 .5 97.3 94.6 12.9 1.0 - 131.6
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Supplemental Data B. Chemical analyses of ground water in Indian Wells Valley, 1987-88--Continued

. Solids, . . Nitrogen
Sulfate, Chloride, Fluoride, Silica, rse(;lllddjé sum of ggr:’_%? 3’ Sﬁﬁ;ﬁg ammonia +
. . h . - 5 5 , .
Well number dissolved  dissolved dissolved dissolved at 180 °C, constit dissolved  dissolved organic,
(mg/L, (mg/L, (mg/L, (mg/L, dissolved uents, ( dissolved
issolv dissolved™ (mg/L, mg/L, (mg/L,

w300 w@wD w80 gy I sN sN T8

Southeastern area--Continued

26S/40E-36A1 350 360 0.5 57 -- 1,310 1.40 - -
27S/40E-1M2 38 190 1.6 52 - 599 1.10 0.020 0.30
27S/40E-2G3 100 650 1.0 9.7 -- 1,350 .87 .040 40
27S/40E-2H1 92 200 1.1 51 -- 684 .85 <.010 .60
27S/40E-2J1" 54 480 2.9 69 - 1,130 1.30 -- -
63 510 1.1 58 -- 1,160 1.60 .010 .70
27S/40E-4B2 47 320 7 44 - 717 2.00 -- --
81.0 239.2 2.7 - 742.8 676 - -- --
27S/40E-5D1 20 67 1.4 36 - 352 1.00 - --
27S/40E-6H1 15 61 1.1 36 - 321 .53 - -
15.4 60.8 9 -- 317.5 274 -- -- --
27S/40E-6R2 25.8 288.4 .5 -- 759.8 682 - -- --
27S/40E-8A1 243 94.9 1.0 - 397.8 334 - -- -
27S/40E-8B1 24 86 1.4 41 - 398 11 -- --
22.1 84.2 1.0 - 420.1 347 - - --
27S/40E-8B2 22.8 91.0 1.0 - 431.9 365 - -- -
27S/40E-8C2 23.2 106.7 1.2 - 434.2 370 - -- -
27S/40E-8F1 26.7 142.7 1.0 -- 531.7 438 - -- -
27S/40E-8Q2 34 250 1.0 -- - 645 12 - --
26.6 140.8 9 -- 558.8 448 - -- --
Intermediate area--Continued
26S/39E-13R3 5.1 24 .80 55 - 223 <.10 -- --
26S/39E-13R4 13 160 3.7 29 -- 826 <.10 510 .70
26S/39E-24P1! 21 21 8 29 - 215 1.20 -- -
26S/39E-20R2 40 27 8 27 -- 199 1.50 -- --
26S/39E-25E1 47 32 7 36 -- 261 2.90 -- --
71.3 29.0 8 -- 250.9 240 - - --
26S/39E-26B3 51.9 30.6 7 -- 250.8 229 - - -
26S/39E-27C1 50.9 30.2 8 - 269.3 234 - -- --
26S/40E-30E2 39 27 .6 38 - 234 2.40 - --
60.8 24.9 8 - 255.1 216 -- - --
26S/40E-30K1 22.0 28.7 1.1 -- 237.1 203 -- - -
26S/40E-30K2 27 36 .9 33 - 240 2.50 .100 1.1
17.3 29.2 1.5 -- 226.8 207 -- -- --
27S/39E-12M1 - - 44.7 -- 365 -- -- -- -
- 45.2 - -- 340 -- - -- --
27S/40E-6D1 21 31 9 45 - 235 <.10 -- -
22.3 34.3 1.2 - 278.6 239 - - -

! Wells sampled by Warner (1975) in 1972.

? Water-quality analysis furnished by the China Lake Naval Air Weapons Station.
? Water-quality analysis furnished by the Indian Wells Valley Water District.

4 Water-quality analysis furnished by the Inyokern Community Services District.
% Sample depth = 495 feet.

¢ Sample depth = 595 feet.

" Sample depth = 700 feet.
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Nitrogen, Nitrate,  Phosphorus, Boron, Iron, Manganese,

organic, total dissolved dissolved dissolved dissolved Predominant Monitored Well use
dissolved (mg/L (mg/L, (ug/L, (ug/L, (ug/L, ions aquifer
(mg/L, as N) as NO,) as P) as B) as Fe) as Mn)
Southeastern area--Continued
-- -- - 2,900 40 50 Na C1 SO, Deep Observation
0.28 - 0.010 1,400 <3 2 Na Cl1 Deep Domestic
.36 - .020 4,100 20 30 Na Cl Deep Observation
-- -- .020 1,200 99 6 Na Cl Deep Institutional
- - - 2,800 60 30 Na Cl1 Deep Institutional
.69 -- .020 2,700 20 <10 Na C1
- - - 1,200 20 7 Na Cl Deep Industrial
- 14.5 -- -- 40 <20 Na Ca Cl
-- -- - 1,000 59 <1 Na HCO, Deep Industrial
- -- - 760 <3 <1 Na HCO, Deep Municipal
- 1.0 - - <100 <30 Na HCO,
-- 9.3 - - 200 <30 Na Cl Deep Municipal
- 1.5 - - <100 <30 Na Cl HCO, Deep Municipal
- - -- 1,100 <3 5 Na HCO, Deep Municipal
-- <1.0 -- -- <100 <30 Na HCO,
= <1.0 - - <100 <30 Na HCO, Deep Municipal
-- <1.0 - -- <100 <30 Na Cl HCO, Deep Municipal
- 1.5 - -- <100 <30 Na Cl Deep Municipal
- - -- 1,400 25 11 Na CI Deep Municipal
-- 1.5 - - <100 <30 Na Cl Deep
Intermediate area--Continued
- - - 170 23 77 Ca Na HCO, Deep Observation
.19 - 170 3,500 44 1 Na HCO, Deep Observation
- -- -- 260 <3 9 Na HCO, Deep Military
- - - 150 24 9 Na HCO, SO, C1 Deep Military
-- -- -- 220 5 10 Ca Na HCO, SO, CI  Deep Industrial
- 14.5 -- -- 20 <20 Ca Na HCO, SO, C1
- 10.5 - - <100 <30 Ca Na HCO, SO, C1  Deep Municipal
-- 8.9 - - <100 <30 Ca Na HCO, SO, CI  Deep Municipal
-- -- -- 150 14 15 Ca Na MgHCO, SO,CI1 Deep Industrial
- 12.5 -- - <20 <20 Ca NaHCO? SO* C1
-- 6.0 -- - <100 <30 Na HCO, Deep Municipal
1.0 - .010 390 20 <1 Na HCO, Deep Municipal
-- 39 - -- <100 <30 Na HCO,
-- -- - - 50 -- -- Deep Institutional
-- 55 -- - 50 -- --
-- -- -- 610 <3 3 Na HCO, Deep Municipal
-- <1.0 -- - 100 <30 Na HCO,

8 Sample depth = 800 feet.

% Sample depth = 895 feet.

1© Sample depth = 955 feet.

" Water-quality analysis furnished by Kerr McGee Chemical Corporation.
12 Water-quality analysis furnished by the Kern County Public Works.

13 Water-quality analysis furnished by the Ridgecrest Community Hospital.

GPO 683-464/39017 Supplemental Data B 59



